US009100167B2

a2z United States Patent (10) Patent No.: US 9,100,167 B2
Garg et al. (45) Date of Patent: Aug. 4, 2015
(54) MULTILANE SERDES CLOCK AND DATA USPC e 375/371;713/510
SKEW ALIGNMENT FOR MULTI-STANDARD See application file for complete search history.
SUPPORT
) ) (56) References Cited
(71) Applicant: Broadcom Corporation, Irvine, CA
(as) U.S. PATENT DOCUMENTS
(72) Inventors: Adesh Garg, Aliso Viejo, CA (US); Jun ggggfgézgzgg ﬁi: ggggg E_Ckertﬁ;flé etal. ... g;gg;g
: . . 1m € e
Cao, Irvine, CA (US); Namik 2006/0050827 Al* 3/2006 Saekietal. ... .. 3751362
Kocaman, San Clemente, CA (US); 2006/0133466 AL* 6/2006 Palmer et al. ... .. 375215
Kuo-J Huang, Irvine, CA (US); Delong 2007/0092039 Al*  4/2007 Yangetal. ... ... 375/327
Cui, Tustin, CA (US); Afshin Momtaz, 2008/0080600 Al* 4/2008 Daietal. ... ... 375/220
Laguna Hills, CA (US) 2009/0125747 Al* 5/2009 Morein et al. .. ... 713/400
’ 2009/0245449 Al* 10/2009 Umaietal. ..... .. 375/376
. . . 2010/0283525 Al* 11/2010 Yoshikawa ..... .. 3271237
(73)  Assignee: gg;‘dc"m Corporation, Irvine, CA 2012/0189045 AL* 7/2012 Abbasfaretal. ........... 375/229

* cited by examiner
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Primary Examiner — Thomas Lee
U.S.C. 154(b) by 258 days. Assistant Examiner — Volvick Derose

(21) Appl. No.: 13/691,482 (74) Attorney, Agent, or Firm — Fiala & Weaver P.L.L..C.
.No.: ,

(22) Filed: Nov. 30, 2012 (57 ABSTRACT
A communication system may include a number of commu-

(65) Prior Publication Data nication channels operating in accordance with one or more
US 2014/0153680 A1 Jun. 5, 2014 communication standards. The channels may generate data
clocks from one or more master clock signals. The phase of

(51) Int.ClL the data clocks may be aligned using phase detectors for
GOG6F 1/04 (2006.01) determining respective phase relationships and using phase
HO4L 7/033 (2006.01) interpolators for adjusting respective clock phases. The com-
GO6F 1/10 (2006.01) munication system may include communication channels
HO4L 25/14 (2006.01) that operate at different data clock frequencies. These sys-
HO4L 7/00 (2006.01) tems may divide their respective data clocks in order to

(52) US.CL achieve a common clock frequency for use in their phase

CPC HO4L 7/033 (2013.01); GO6F 1/10 (2013.01); alignment. The phase detectors and associated circuitry may
HO4L 25/14 (2013.01); HO4L 7/0025 (2013.01)  be disabled to save power when not in use.
(58) Field of Classification Search
CPC i HO4L 7/0025; GO6F 1/10 20 Claims, 6 Drawing Sheets

102/ nth communication
channel

third‘additional

1026 | foati
© communication channel

106b
10\4 m
[~124
108
first
120
d dmse ? digial [-122
b | Seoom etector gl
1026 | 10 | Gviger | \yp2 circuit
a = 16
second comununication =
channel 114 t\] 18 L] 28
1068
@
100
134
10247
first
FIG. 1 divider

first communication {
channel 1102




US 9,100,167 B2

Sheet 1 of 6

Aug. 4, 2015

U.S. Patent

€011 |ouueYyo
) UONROUNLITTOD 18.10]
< . JapIAIp 1 OMW—
181§
|_pTol
0T Fel
901
8Tl 81 T\<_ - [Pueyd
- UOHEOIINIIWOD PUOIIS
91 M Au
(48! ISPIAIP qzotl
- MHMW 1012312p A|0LI puosas | —
For S R omw oseyd
Jsay
8071
PTI~
v@n *—
q

A

UONEIUNWWIOD s

P01
H 901
& JOUUEYD UOHEIIUNITLOD 3701
L
{puonIppe/py}
L
L]
L]
[puueyd
| izl




U.S. Patent Aug. 4, 2015 Sheet 2 of 6 US 9,100,167 B2
214
/,D\x -
« 2180 /21617
210n >
K—EIZH >
s S
< /218(3 K216C
. 210c S1ae >
202¢ third/ /
additional »
divider %
206b
216b
. /218b « /
08h 210b 5::> |
, 4 212b
202b second e >
divider 230 25281
first sel L/ C::’—_A&:;_‘N\\
irst selector p 238 )
N
\I’l-l 232 ?. see
=3 » > phase 741 second
”'7> L\,A detector q(54< M selector
22 228 2 ,
222 ..
>> digital
5 4)2 circuit
240”7 2447 /T
214
206a  212a /‘@\\ 246
SN0 5 216a
> K\\\HJ\H < 218a P
(RN / -7
N i
2028 | 1 208 % l—>>
I

first
divider

:I"’04a

L

A 4



US 9,100,167 B2

Sheet 3 of 6

Aug. 4,2015

U.S. Patent

¢ 'Old
e
t Lepop
IIIII v_ ] |'
( i puodas 7
e S 9z
YTV (
00% 1233
PP 1pIATp >~
¢ e P 9¢¢
09¢ Sve
(
05 -
( \x
9¢
m bt
43 ﬂ|w||||
¢ e >mﬁ®@
P8Iy le
nie _ BZTE
IEE o G
A -
wons | J 10p3ep |« ol
mw] o “ 1opiatp IOPTAIP V/
~ A.. 7 pu020s S~ ¢
pEe , G .
8CE ( .
et 0t poe



U.S. Patent Aug. 4, 2015 Sheet 4 of 6 US 9,100,167 B2

/—402

generate a first phase adjusted clock signal

v _—404

generate a first divided clock signal based
on the first phase adjusted clock signal

v _—406

generate a second phase adjusted clock
signal

v 408

generate a second divided clock signal
based on the second phase adjusted clock
signal

determine a phase difference between the
first divided clock signal and the second
divided clock signal

v /’—412

adjust a phase of the second phase adjusted
clock signal based on the determined phase
difference

v 44
transfer a first data stream through a first
communication channel according the first
divided clock signal

v L 416
transfer a second data stream through a
second communication channel according
the second divided clock signal

400

FIG. 4



U.S. Patent

end phase
calibration of
current
channel

Aug. 4, 2015 Sheet 5 of 6

begin phase
calibration
for channel

502

US 9,100,167 B2

receive a phase difference signal from the
phase detector

A

. 2 304

sample the phase difference signal

v 506

accumulate a predetermined number of
phase difference signal samples

v 508

determine if the accumulated value is
greater than, less than, or within a
user-defined threshold(s)

510

value within

yes threshold(s)

no

i) 512

transmit the phase adjustment

signal to a phase interpolator

FI1G. 5



U.S. Patent

Aug. 4, 2015

602

Sheet 6 of 6

generate a first phase adjusted clock signal

il —604

\ /—614

generate a first divided clock signal based
on the first phase adjusted clock signal

determine a phase difference between the
second divided clock signal and the fourth
divided clock signal

' 606

i 616

generate a second divided clock signal
based on the first divided clock signal

adjust a phase of the second phase adjusted
clock signal based on the determined phase

difference
v — 608 v —618
. transfer a first data stream through a first
generate a second phase adjusted clock comnmumication channel according the first
signal divided clock signal
v — 610 v /—620

generate a third divided clock signal based
on the second phase adjusted clock signal

A 4 612

generate a fourth divided clock signal

based on the third divided clock signal so ||

that the fourth and the second divided
clock signals have the same frequency

transfer a second data stream through a
second commumication channel according
the third divided clock signal

FI1G. 6

US 9,100,167 B2




US 9,100,167 B2

1
MULTILANE SERDES CLOCK AND DATA
SKEW ALIGNMENT FOR MULTI-STANDARD
SUPPORT

BACKGROUND

1. Technical Field

The present invention relates to communication systems,
and in particular, to multi-lane serializer/deserializer (SER-
DES) clock and data skew alignment for multi-standard sup-
port in communication circuits.

2. Background Art

Communication systems for transmitting data may operate
according to a number of standards and implementations.
One such implementation is a SERDES communication
channel that takes a given number of data bits from a digital
domain, serializes the data, and transmits the data to a
receiver that deserializes it for another digital domain. SER-
DES data transmission implementations can be used ina wide
range of communication systems and devices, such as mobile
devices, desktop computers and servers, computer networks,
and telecommunication networks.

Communication systems may include multiple channels or
lanes (e.g., multilane transceivers, etc.) for transmitting data,
and this introduces difficulties in aligning data and clock
signals across the multiple channels. For example, clock cir-
cuitry for different channels may start up in different states
and cause a skew of the data from lane to lane. This skew
should be removed for synchronous operation, as the skew
from lane to lane can be as large as the lowest clock period.
For high speed SERDES implementations, the output data
rate relative to the low speed clock may cause the multi-
channel skew to increase further. Previous solutions have
relied on complex reset circuits to bring multiple channels up
in the same state. However, reliability coming out of reset
depends on careful, complex distribution of reset signals and
relative timing to running clocks. Another complication
exists in the difficulties of resetting high-speed clock dividers
(referred to herein as “dividers™) as stringent timing margins
and resettable high speed dividers require significant power
and circuit area consumption. Additionally, asynchronous
reset architectures have unacceptably high probabilities of
failure.

Another concern for communication systems using SER-
DES with multiple channels is that multiplexors (MUX) used
in the SERDES circuitry may have different architectures and
timing characteristics. For example, two different MUX
architectures may have different timing delays in propagating
data. This leads to variations in timing across the channels and
further exaggerates clock and data skew in the system even
when data is transmitted from the digital domain at the same
time.

The implementation of different communication standards
in a system also complicates alignment in multichannel
designs. Design dependency between multiple design cores
and/or architectures also raises clock and data alignment dif-
ficulties. The previous solutions noted above cannot easily be
added or modified, and this problem is further exacerbated by
the inclusion of additional architectures and standards.

BRIEF SUMMARY

Methods, systems, and apparatuses are described for align-
ing multiple data and clock signals in communication circuits
for the same, or different, communication standards, substan-
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2

tially as shown in and/or described herein in connection with
at least one of the figures, as set forth more completely in the
claims.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

The accompanying drawings, which are incorporated
herein and form a part of the specification, illustrate embodi-
ments and, together with the description, further serve to
explain the principles of the embodiments and to enable a
person skilled in the pertinent art to make and use the embodi-
ments.

FIG. 1 shows a block diagram of a portion of a communi-
cation system configured to align clocks of multiple commu-
nication channels, according to an exemplary embodiment.

FIG. 2 shows a block diagram of a portion of a communi-
cation system configured to align clocks of multiple commu-
nication channels, according to another exemplary embodi-
ment.

FIG. 3 shows a block diagram of a portion of a communi-
cation system configured to align clocks of communication
channels that transmit data at different rates, according to a
further exemplary embodiment.

FIG. 4 shows a flowchart providing example steps for
providing clock and data alignment, according to an exem-
plary embodiment.

FIG. 5 shows a flowchart providing example steps for
determining clock and data alignment, according to an exem-
plary embodiment.

FIG. 6 shows a flowchart providing example steps for
providing clock and data alignment, according to an exem-
plary embodiment.

Embodiments will now be described with reference to the
accompanying drawings. In the drawings, like reference
numbers indicate identical or functionally similar elements.
Additionally, the left-most digit(s) of a reference number
identifies the drawing in which the reference number first
appears.

DETAILED DESCRIPTION

Introduction

The present specification discloses numerous example
embodiments. The scope of the present patent application is
not limited to the disclosed embodiments, but also encom-
passes combinations of the disclosed embodiments, as well as
modifications to the disclosed embodiments.

References in the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” etc., indicate that
the embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or char-
acteristic. Moreover, such phrases are not necessarily refer-
ring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection
with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

Furthermore, it should be understood that spatial descrip-
tions (e.g., “above,” “below,” “up,” “left,” “right,” “down,”
“top,” “bottom,” “vertical,” “horizontal,” etc.) used herein are
for purposes of illustration only, and that practical implemen-
tations of the structures described herein can be spatially
arranged in any orientation or manner.
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Numerous exemplary embodiments are described as fol-
lows. It is noted that any section/subsection headings pro-
vided herein are not intended to be limiting. Embodiments are
described throughout this document, and any type of embodi-
ment may be included under any section/subsection. Further-
more, disclosed embodiments may be combined with each
other in any manner

Example Embodiments

The example embodiments described herein are provided
for illustrative purposes, and are not limiting. The examples
described herein may be adapted to various types of mobile
communications systems, including cellular networks, wire-
less local area network(s), digital radio systems, etc. Further-
more, additional structural and operational embodiments,
including modifications/alterations, will become apparent to
persons skilled in the relevant art(s) from the teachings
herein.

In embodiments, communication systems with multiple
communication channels and/or multiple clock domains may
be aligned with respect to their clock and data signals to
remove skew. For example, multiple communication chan-
nels having clock dividers may be initiated on startup or from
reset in different states. The different states of the clock
dividers may cause clock and data phase misalignment
between two or more communication channels. In an embodi-
ment, a phase detector may determine a phase difference
between two communication channels. A phase interpolator
may adjust a communication channel clock, and a divided
clock generated by its clock divider, with respect to another
communication channel clock based on an indication of the
phase difference.

The multiple communication channels may have clocks
with different frequencies, may have data interfaces of differ-
ent widths (e.g., data word bit lengths), and may operate
according to different communication protocols and stan-
dards. Aligning communication channel clock and data
phases may ensure coherent data transfers in communication
systems with multiple, synchronous channels. Further, in ver-
tically and/or horizontally polarized optical communication
systems, as well as systems with higher data communication
rates, maintaining aligned communication channels benefits
system reliability and function.

Portable, design-efficient embodiments, such as those
described herein, allow for alignment and synchronization of
clocks and data across multiple communication channels,
multiple clock domains, and multiple communication stan-
dards. Various example embodiments are described in the
following subsections. For instance, example communication
systems are described, followed by a description of daisy
chain and master-slave configurations for aligning commu-
nication channel clock phases using phase detectors. This is
followed by descriptions of embodiments for using a single
phase detector for aligning larger numbers of communication
channels, and embodiments for aligning clock phases in sys-
tems having different communication channel architectures.
Subsequently, various example operational embodiments for
aligning clock phases in communications systems are
described.

Example Communication System Embodiments

Communication systems may include various types of
devices that include transmitters and receivers to communi-
cate data between each other. Embodiments described herein
may be included in receivers and transmitters in such devices.
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For instance, embodiments may be included in mobile
devices (laptop computers, handheld devices such as mobile
phones (e.g., cellular and smart phones), handheld comput-
ers, handheld music players, and further types of mobile
devices), desktop computers and servers, computer networks,
and telecommunication networks.

Embodiments can be incorporated into various types of
communication systems, such as intra-computer data trans-
mission structures (e.g., Peripheral Component Interconnect
(PCI) Express bus), telecommunication networks, traditional
and wireless local area networks (LANs and WL ANs), wired
and wireless point-to-point connections, optical data trans-
mission systems (e.g., short haul, long haul, etc.), high-speed
data transmission systems, coherent optical systems and/or
other types of communication systems using SERDES. For
example, transferring data across a computer network (wired
or wireless) may be accomplished using a variety of commu-
nication standards in which data from the transmitting device
is serialized and transferred serially over an appropriate
medium (e.g., Ethernet cables, fiber optic cables, etc.) or
wirelessly to a receiving device that deserializes the data.
Transmission media and wireless connections also allow for
transfer of data using different types of communication pro-
tocols within a given medium or wireless connection. The
data transmission market is steadily increasing as the com-
puting and communications industries evolve and grow, and
as data/content sharing continues to rise globally.

Increasing data transfer speeds in communications systems
with SERDES provides design challenges due to clock and
data misalignments. Avoiding these misalignments causes
circuit design difficulties. SERDES circuitry may use divid-
ers in order to serially transmit data from a bus, and the
dividers may come up out of reset in different states causing
clock phase misalignments that translate into data misalign-
ments. High speed data transfers increase the possibility of
misaligns as the alignment margins grow smaller with faster
clock frequencies. Misalignments can cause data channels to
provide data too early or too late with respect to each other.
Such misalignments can adversely impact synchronous
designs.

Embodiments presented herein overcome problems with
clock and data alignment in communication systems with
SERDES for data transfer. Example embodiments are
described in detail in the following section.

For instance, methods, systems, and apparatuses are pro-
vided for aligning multiple data and clock signals in commu-
nication circuits for the same, or different, communication
standards. In an example aspect, a communication system
may include multiple communications channels imple-
mented to transmit data according to one or more standards.
For example, “N” channels may be included, where N is any
integer greater than or equal to 2. Each channel may have a
corresponding divider to generate a divided clock signal from
a master clock signal. The respective divided clock signals
may be used as the clock to drive data on the channels. The
communication system may also include, for example in one
ormore channels, a phase interpolator. The phase interpolator
may be used to adjust the phase of the divided clock signal of
a corresponding channel. The phase may be adjusted to be
more aligned with one or more other divided clock signals in
the other channels. In this manner the clocks and data of the
multiple communication channels may be better aligned. A
phase detector may also be included in one or more channels
of the communication system. The phase detector may be
selectively disabled when not in use, and may determine a
phase difference between two divided clock signals of two
different channels. The determined phase difference may be
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used to further adjust the phase of at least one of the clock
signals to better align the different communication channels.

In a further example aspect, a communication system may
include multiple communications channels implemented to
transmit data according to one or more standards. For
example, “N” channels may be included, where N is any
integer greater than or equal to 2. Each channel may have two
or more corresponding dividers. One divider in each channel
may generate a divided clock signal from a master clock
signal. These respective divided clock signals may be used as
the clock to drive data on their channels at their respective
clock frequencies. The other divider in each channel may be
used to further divide each channel’s respective divided clock
signal. This second clock division may produce clock signals
from each channel that have the same frequency. These clock
signals with the same frequency may be provided to a phase
detector which may output a signal indicative of their phase
relationship (phase alignment). The communication system
may also include a phase interpolator which may be used to
adjust the phase of one of the divided clock signals driving
data in a corresponding channel (e.g., according to the phase
detector output signal). The phase may be adjusted to be more
aligned with other data-driving, divided clock signals in the
other channels. The phase detector may be selectively dis-
abled when not in use.

In yet another example aspect, a communication system
may include multiple communications channels imple-
mented to transmit data according to one or more standards.
For example, “N” channels may be included, where N is any
integer greater than or equal to 2. Each channel may have a
corresponding divider to generate a divided clock signal from
separate master clock signals. The respective divided clock
signals may be used as the clock to drive data on the channels.
The communication system may also include a phase inter-
polator that may be used to adjust the phase of the divided
clock signal of a corresponding channel. The phase may be
adjusted to be more aligned with one or more other divided
clock signals in the other channels. A phase detector may also
be included in one or more channels of the communication
system. The phase detector may be selectively disabled when
not in use, and may determine a phase difference between two
divided clock signals of two different channels.

Example Daisy Chain and Master-Slave Alignment
Embodiments

Communication systems may be configured in various
ways to have their communication channels phase aligned, in
embodiments. For example, FIG. 1 shows a block diagram of
a communication system 100, according to an embodiment.
Communication system 100 may be any communication sys-
tem such as, but not limited to, an intra-computer data trans-
mission system (e.g., Peripheral Component Interconnect
(PCI) Express bus), a telecommunication network, a tradi-
tional and/or wireless local area network (LANs and
WLAN:S), a wired and wireless point-to-point connection, an
optical data transmission system, a high-speed data transmis-
sion systems, a coherent optical system and/or another type of
communication system with SERDES. Communication sys-
tem 100 may be implemented in hardware, or a combination
of hardware and software and/or firmware. As shown in FIG.
1, communication system 100 may include a number of com-
munication channels 102a-#. For instance, in some embodi-
ments, communication system 100 may include two of com-
munication channels 102a-z (e.g., a first communication
channel 102 and a second communication channel 1025),
and in some embodiments, communication system 100 may
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6

include three of communication channels 102a-% (e.g., first
communication channel 1024, second communication chan-
nel 1025, and a third/additional communication channel
102¢). In some embodiments, up to n of communication
channels 102a-z may be used to transfer data, where n may be
any integer value greater than 3. It is contemplated that in the
embodiments described herein, communication channels
(e.g., 102a-r) may be identically configured to allow modular
implementation. Some or all of communication channels
102a-» may be synchronous or asynchronous with respect to
each other, and communication channels 102a-7 may transfer
data using the same or different data transfer protocols. Com-
munication system 100 may include functionality further
than shown in FIG. 1, as would be known to persons skilled in
relevant art(s). However, such additional functionality is not
shown in FIG. 1 for purposes of brevity. The elements of
communication system 100 are described as follows.

As shown in FIG. 1, first communication channel 102a
includes a first divider 110a and a first phase interpolator
106a; second communication channel 1025 includes a second
phase interpolator 1065, a second divider 1105, a first phase
detector 116, and a digital circuit 122. Second phase interpo-
lator 1064, second divider 1104, first phase detector 116, and
digital circuit 122 may be referred to as calibration logic,
which is used to calibrate a clock signal for second commu-
nication channel 1024. Each subsequent communication
channel (e.g., third communication channel 102¢, etc.) may
include calibration logic similar to second communication
channel 1025 to calibrate a corresponding clock signal. Fur-
thermore, although not shown in FIG. 1, first communication
channel 102 may include a phase detector similar to first
phase detector 116, and the phase detector may not be used
(furthermore, in an embodiment, first phase interpolator 106a
may not be used). Such an embodiment enhances a modular-
ity of system 100, where any number of identically config-
ured communication channels may be present.

First communication channel 102a may include function-
ality to enable the transfer of a data stream through first
communication channel 1024. First communication channel
102a may receive a master clock signal 104. Master clock
signal 104 may be generated by a phase lock loop (PLL) (not
shown) or any other type of clock generator. In some embodi-
ments, when more than one clock generator is used to gener-
ate clock signals in the communication systems described
herein for communication lanes, the clock generators used
may be locked with respect to each other (e.g., the clock
generators have the same frequency). First phase interpolator
1064 may receive master clock signal 104 as an input and may
output a phase-adjusted master clock signal as a phase
adjusted clock signal 134. In some embodiments, phase
adjusted clock signal 134 may have no (zero) phase adjust-
ment. It is also contemplated that in some embodiments, first
phase interpolator 106a may be omitted and master clock
signal 104 may be transmitted directly to first divider 110aq.
First divider 110a may receive phase adjusted clock signal
134 as an input and may output a first divided clock signal
114. First divided clock signal 114 may be generated by
dividing a frequency master clock signal 104 to match the
incoming data rate of data on a given channel (e.g., data on
one or more data lines 216a-216%, as shown in FIG. 2 and
discussed below) or by another number. First divided clock
signal 114 may be used as the clock for transferring data
through first communication channel 102a (e.g., first divided
clock signal 114 may be provided as a clock signal to one or
more sets of registers used to stored data transmitting through
first communication channel 102a). First divided clock signal
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114 may also be provided to second communication channel
1025, as discussed further below.

Second communication channel 1025 may include func-
tionality to enable the transfer of'a data stream through second
communication channel 1025 that is aligned with communi-
cation channel 1024. Second communication channel 1024
may receive master clock signal 104. Second phase interpo-
lator 1065 may include functionality to enable a phase adjust-
ment of received master clock signal 104. Second phase inter-
polator 1065 may receive master clock signal 104 and a phase
adjustment signal 124 as inputs and may output a phase-
adjusted master clock signal as a first phase adjusted clock
signal 108. For instance, second phase interpolator 1065 may
shift (delay) the phase of master clock signal 104 by an
amount indicated by phase adjustment signal 124 to generate
first phase adjusted clock signal 108. Second divider 1105
may receive first phase adjusted clock signal 108 as an input
and may output a second divided clock signal 112. Second
divided clock signal 112 may be generated by dividing a
frequency of first phase adjusted clock to match the incoming
data rate of data on a given channel (e.g., data on one or more
data lines 216a-216#, as shown in FIG. 2 and discussed
below). Second divided clock signal 112 may be used as the
clock for transferring data through second communication
channel 1025 (e.g., second divided clock signal 112 may be
provided as a clock signal to one or more sets of registers used
to stored data transmitting through second communication
channel 1024). Second divided clock signal 112 may also be
provided to third/additional communication channel 102c.

First phase detector 116 may include functionality for
enabling the detection of a leading or lagging phase between
two clock signals. In some embodiments, first phase detector
116 may be a flip-flop (e.g., a D flip-flop), while in other
embodiments first phase detector 116 may be a latch, a reg-
ister, or the like. First phase detector 116 may receive first
divided clock signal 114 and second divided clock signal 112
as inputs. In some embodiments, for example, when first
phase detector 116 is a D flip-flop, first divided clock signal
114 may be input as the clock for first phase detector 116 (e.g.,
received at a clock port of the D flip-flop), and second divided
clock signal 112 may be input as the data for first phase
detector 116 (e.g., received at a data port of the D flip-flop).
First phase detector 116 may output a phase difference signal
120 indicating a difference in phase between first divided
clock signal 114 and second divided clock signal 112 (e.g., at
the D output port when first phase detector 116 is a D flip-
flop). For example, in the case where the phase of second
divided clock signal 112 leads the phase of first divided clock
signal 114, phase difference signal 120 may be represented as
a ‘1’ (one) oralogic “high” signal. In the case where the phase
of second divided clock signal 112 lags the phase of first
divided clock signal 114, phase difference signal 120 may be
represented as a ‘0’ (zero) or a logic “low” signal. It is con-
templated that in various embodiments, according to design
considerations, phase difference signal 120 maybe a ‘1’ for a
lagging phase and a ‘0’ for a leading phase. First phase detec-
tor 116 may provide phase difference signal 120 to a digital
circuit 122.

First phase detector 116 may, in some embodiments, be
enabled and/or disabled by a disable signal 118. First phase
detector 116 may be enabled/disabled by disable signal 118 in
response to completing a phase adjustment of first phase
adjusted clock signal 108 (e.g., after a predetermined amount
of time or number of clock cycles, etc.). Disable signal 118
may be generated by hardware, or a combination of hardware
and software and/or firmware within or without communica-
tion system 100. Disable signal 118 and any associated gen-
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8

erating logic/circuitry may include functionality further than
shown in FIG. 1, as would be known to persons skilled in
relevant art(s). However, such additional functionality is not
shown in FIG. 1 for purposes of brevity. By disabling first
phase detector 116 upon completion of the phase adjustment
of first phase adjusted clock signal 108 (i.e., when first phase
detector 116 is not actively in use), power savings and noise
reduction may be achieved. First phase detector 116 may be
enabled by disable signal 118 at the start up of communica-
tion system 100 or second communication channel 1025, or
when coming out of a reset state of communication system
100 or second communication channel 1025. As such, cali-
bration for the clock phases of one or more communication
channels (e.g., 102a-1027) in a communication system (e.g.,
100) may be performed at start up or when coming out of
reset, and the phase detector(s) may be disabled after the
calibration is performed. In some embodiments, calibration
may be performed during data communication on one or
more communication channels (e.g., 102a-102#).

It is contemplated that, in some embodiments, first phase
detector 116 may reside, physically or logically, in second
communication channel 1024. In other embodiments, first
phase detector 116 may reside outside of second communi-
cation channel 1025 but inside communication system 100. In
still further embodiments, first phase detector 116 may reside
outside of communication system 100.

In some embodiments, communication system 100 may
also include digital circuit 122, as shown in FIG. 1. Digital
circuit 122 may include functionality for enabling detection
of a phase difference that is outside of an acceptable toler-
ance. For example, an amount of phase difference between
first divided clock signal 114 and second divided clock signal
112 may be detected. In some embodiments, digital circuit
122 may be a digital filter. Digital circuit 122 may receive
phase difference signal 120 as an input, and may output phase
adjustment signal 124 to second phase interpolator 1065. For
instance, digital circuit 122 may detect that phase difference
signal 120 includes a long string of “1”’s or a long string of
“0”s that indicates a significant phase difference between
divided clock signals 114 and 112, and may therefore gener-
ate phase adjustment signal 124 to cause second phase inter-
polator 1065 to adjust the phase of master clock signal 104
accordingly in first phase adjusted clock signal 108. Digital
circuit 122 may filter out a frequent switching between “1”’s
and “0”’s (relatively short duration strings of “1”s and “0”’s) in
phase difference signal 120 as indicating that a phase differ-
ence between divided clock signals 114 and 112 is in an
acceptable range. Digital circuit 122 may, in some embodi-
ments, be enabled and/or disabled by a digital disable signal
128. Digital circuit 122 may be enabled/disabled by digital
disable signal 128 in response to completing a phase adjust-
ment of first phase adjusted clock signal 108. Digital disable
signal 128 may be the same signal as disable signal 118 or
may be generated separately, but similarly, to disable signal
118, as described above.

Third/Additional communication channel 102¢ through
nth communication channel 102z may each be similarly, or
identically, configured to second communication channel
1025. However, the details of these channels are not shown in
FIG. 1 for purposes brevity and clarity. For example, second
divided clock signal 112 may be provided to a second phase
detector (not shown) in third/additional communication
channel 102¢, and a phase difference between a third divided
clock signal (not shown) in third/additional communication
channel 102¢ and second divided clock signal 112 may be
determined by a second phase detector (not shown). This
phase difference may be provided to a phase interpolator to
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adjust the phase of master clock signal 104 to generate a phase
adjusted master clock signal for third/additional communica-
tion channel 102¢. This modular approach may allow for
flexibility in aligning communication channel 102a-» phases.
It is also contemplated that any, or each, of third/additional
communication channel 102¢ through nth communication
channel 1027 may have a corresponding, or shared, digital
circuit (not shown) that is similarly, or identically, configured
to digital circuit 122.

Such a communication system configuration, where the
divided clock signal of the previous communication channel
is provided to the next communication channel to be com-
pared to the divided clock signal of the next communication
channel (to generate a phase difference signal used to adjust
the phase of the master clock signal at that next communica-
tion channel) is referred to as a “daisy chain” configuration.
As mentioned above, this approach enables a series of simi-
larly (or identically) configured communication channels to
be used in a modular fashion.

It is also contemplated that, in some embodiments, each
communication channel phase difference may be determined
between a given communication channel’s divided clock
(e.g., third divided clock (not shown)) and first divided clock
114. For instance, rather than providing second divided clock
112 to third/additional channel 102¢ to determine a phase
difference between third divided clock (not shown) and sec-
ond divided clock 112, first divided clock 114 may be provide
to third/additional channel 102¢ to determine a phase differ-
ence between third divided clock (not shown) and first
divided clock 114. Such an approach may allow for a lower
margin of error in clock and data alignment as each commu-
nication channel 1025-z may be adjusted with respect to a
single divided clock signal (e.g., first divided clock 114). That
is, the likelihood of propagating a “carry-over” margin of
error is reduced by using a single divided clock signal as an
alignment reference, rather than providing the divided clock
signal of the previous communication channel to the next
communication channel for phase comparison, as in the daisy
chain configuration approach.

This communication system configuration, wherein the
same divided clock signal (of a first communication channel)
is provided to each of a plurality of next communication
channels for comparison to each of the divided clock signals
of those next communication channels (to generate a phase
difference signal at each communication channel used to
adjust the phase of the master clock signal locally) is referred
to as a “master-slave” configuration. This approach also
enables a series of similarly (or identically) configured com-
munication channels to be used in a modular fashion subse-
quent to the first communication channel.

It is further contemplated that the phase adjustment
described with respect to communication system 100 of FIG.
1 may be performed at a transmitter side or a receiver side of
communication system 100, as would be apparent to persons
skilled in relevant art(s) having the benefit of this disclosure.

Communication channels 1024-7, first phase detector 116,
and digital circuit 122 may be coupled together in alternative
manners to enable clock and data phase alignment between
communication channels 102a-7. For instance, in the follow-
ing example communication system, a single phase detector
is used to phase align clocks for a plurality of communication
channels.

Example Shared Phase Detector Embodiments

In the embodiments described above, each communication
channel included a corresponding phase detector used to
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enable phase alignment for that channel. In further embodi-
ments, two or more communication channels may share a
common phase detector to perform phase alignment for those
channels Such an implementation may use less circuitry than
when each communication channel includes its own phase
detector (e.g., as described above with respect to FIG. 1).

For example, FIG. 2 shows a communication system 200,
according to an example embodiment. Communication sys-
tem 200 may be any communication system such as those
described herein, and communication system 200 may be
implemented in hardware, or a combination of hardware and
software and/or firmware. Communication system 200 may
include a number of communication channels 202a-r, as
shown in FIG. 2. In some embodiments, communication sys-
tem 200 may include two of communication channels 202a-»
(e.g., a first communication channel 202q and a second com-
munication channel 2025), and in some embodiments, com-
munication system 200 may include three of communication
channels 202a-r (e.g., first communication channel 202a,
second communication channel 2025, and a third/additional
communication channel 202¢). In some embodiments, upton
of communication channels 202a-z may be used to transfer
data, where n may be any integer value greater than 3. Com-
munication channels 202¢-z may be synchronous or asyn-
chronous with respect to each other. For example, two or
more communication channels may transmit data according
to one or more phase-aligned clocks in some embodiments,
while in other embodiments one or more communication
channels may transfer data independently of other channels.
Further, communication channels 202a-» may transfer data
using the same or different data transfer protocols. Commu-
nication system 200 may include functionality further than
shown in FIG. 2, as would be known to persons skilled in
relevant art(s). However, such additional functionality is not
shown in FIG. 2 for purposes of brevity. The elements of
communication system 200 are described as follows.

First communication channel 2024 may include function-
ality to enable the transfer of a data stream through first
communication channel 2024. First communication channel
202a may receive a first master clock signal 204a. First mas-
ter clock signal 204a may be generated by a phase lock loop
(PLL) (not shown) or any other type of clock generator. In
some embodiments, when more than one clock generator is
used to generate clock signals in communication system 200,
the clock generators used are locked with respect to each
other (e.g., the clock generators have the same frequency).
First communication channel 202a may include a first divider
210a. First divider 210a may receive first master clock signal
204aq as an input and may output a first divided clock signal
212a. First divided clock signal 212a may be generated by
dividing (a frequency of) first master clock signal 204a by the
number of data bits in the interface of first communication
channel 2024 (i.e., the number of data bits to be transferred
through first communication channel 202a, or a bit width of
first communication channel 202q). First communication
channel 202¢ may optionally, according to some embodi-
ments, include an additional phase interpolator 206a config-
ured to generate and output an additional phase adjusted
clock signal 208a based upon first master clock signal 204a.
In such an alternative embodiment, first divider 210a may
receive additional phase adjusted clock signal 2084 as an
input and generate first divided clock signal 2124 based upon
additional phase adjusted clock signal 208a, rather than upon
first master clock signal 204aq.

Firstdivided clock signal 2124 may be used as the clock for
transferring data through first communication channel 202a.
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First divided clock signal 2124 may also be provided to a first
selector 222, as discussed further below.

First communication channel 2024 may also include a
number of first data driving circuits 214a. In some embodi-
ments, first data driving circuits 214a may be composed of
flip-flops (e.g., D flip-flops), latches, registers and/or the like,
which act as data drivers. The number of data drivers in first
data driving circuits 214a may be greater than or equal to the
number of data bits in the data interface of first communica-
tion channel 202a (e.g. a bit width of first communication
channel 202q). That is, there may be at least one individual
data driver of first data driving circuits 214a for each bit of
data of the data interface of first communication channel 2024
(i.e., at least one individual data driver of first data driving
circuits 214a for each bit of data transferred through first
communication channel 202« in one clock cycle). Each of the
data drivers of first data driving circuits 214a may receive first
divided clock signal 2124 as a clock input and data on a first
data line 2164 as data input(s), and then drive (i.e., transfer)
data through first communication channel 202a on a first
transfer data line 218a. It is noted that first data line 2164 and
first transfer data line 218a may be any number of data bits
(i.e., have a data width) according to design-specific require-
ments.

Second communication channel 2025 may include func-
tionality to enable the transfer of'a data stream through second
communication channel 2025. Second communication chan-
nel 2025 may receive a second master clock signal 2045.
Second master clock signal 2045 may be generated by a phase
lock loop (PLL) (not shown) or any other type of clock
generator. The PLL may be the same PLL discussed above
with respect to first communication channel 202a or may be
a different clock generator as described above. In some
embodiments, second master clock signal 20456 may be the
same signal as first master clock signal 204a. Second com-
munication channel 2026 may include a first phase interpo-
lator 2065 configured to generate and output an second phase
adjusted clock signal 2085 based upon second master clock
signal 20454. Second communication channel 20256 may
include a second divider 2105. Second divider 2105 may
receive second phase adjusted signal 2085 as an input and
may output a second divided clock signal 212b. Second
divided clock signal 2125 may be generated by dividing sec-
ond phase adjusted signal 2085 by the number of data bits in
the interface of second communication channel 2025 (i.e., the
number of data bits to be transferred through second commu-
nication channel 2025 in one clock cycle).

Second divided clock signal 2125 may be used as the clock
for transferring data through second communication channel
202b. Second divided clock signal 2125 may also be provided
to first selector 222, as discussed further below.

Second communication channel 2025 may also include a
number of second data driving circuits 214b. In some
embodiments, second data driving circuits 2145 may be com-
posed of flip-flops (e.g., D flip-flops), latches, registers and/or
the like, which act as data drivers. The number of data drivers
in second data driving circuits 2145 may be greater than or
equal to the number of data bits in the data interface of second
communication channel 2024. That is, there may be at least
one individual data driver of second data driving circuits 2145
for each bit of data of the data interface of second communi-
cation channel 2025 (i.e., at least one individual data driver of
second data driving circuits 2145 for each bit of data trans-
ferred through second communication channel 2024). Each
of the data drivers of second data driving circuits 2145 may
receive second divided clock signal 2125 as a clock input and
data on asecond data line 2165 as data input(s), and then drive
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(i.e., transfer) data through second communication channel
2025 on a second transfer data line 218b. It is noted that
second data line 21654 and second transfer data line 2185 may
be any number of data bits (i.e., have a data width) according
to design-specific requirements.

Communication system 200 may also include communi-
cation channels 202¢-» in accordance with some embodi-
ments. Communication channels 202¢-# may be configured
similarly, or identically, to communication channel 2025, as
described above. For example, communication channels
202¢-n may receive a third master clock signal 204¢ through
annth master clock signal 2047 respectively, and may include
a third phase interpolator 206¢ through an nth phase interpo-
lator 2067 configured to generate a third phase adjusted signal
208c¢ through an nth phase adjusted signal 2067, and a third/
additional divider 210¢ through an nth divider 2107 config-
ured to generate a third divided clock signal 212¢ through an
nth divided clock signal 212#n, respectively. Third divided
clock signal 212¢ through an nth divided clock signal 212»
may be used as the clocks for transferring data on third com-
munication channel 202¢ through nth communication chan-
nel 202z respectively, and may also each be provided to first
selector 222, as discussed further below.

Third communication channel 202¢ through nth commu-
nication channel 202z may also each include a number of
third data driving circuits 214¢ through nth data driving cir-
cuits 214n, respectively, similarly or identically configured as
second data driving circuits 2145 described above. Each of
the data drivers of third data driving circuits 214¢ through nth
data driving circuits 214z may receive their respective
divided clock signals 212¢-7 as a clock input and data on a
respective data line 216¢-z as data input(s), and then drive
(i.e., transtfer) data through their respective communication
channel 202¢-7 on a respective transmit data line 218¢-7.

Itis noted that communication channels 1024-1027 of FIG.
1 may each include a corresponding one of data driving
circuits 214a-214» that is used to transfer data therethrough
according to the corresponding divided clock signal.
Referring back to FIG. 2, communication system 200 may
also include first selector 222 and a phase detector 240. First
selector 222 may include functionality to enable selection of
one or more of divided clock signals 212a-# to be provided as
inputs to phase detector 240. As shown in FI1G. 2, according to
some embodiments, such as a master-slave embodiment, first
selector 222 may receive divided clock signals 2125-1, shown
in FIG. 2 as a combined divided clock signal line 220 for
illustrative purposes. First selector 222 may include a first
multiplexor (MUX) 228. It is contemplated, in other embodi-
ments, that first selector 222 may include alternative or addi-
tional components and/or circuitry for performing selection
of one or more of divided clock signals 212b-z. First MUX
228 may receive combined divided clock signal line 220 as an
input. First MUX 228 may select a received input according
to a first select signal 230. First select signal 230 may be one
or more bits wide, according to design, such that the number
of'bits of first select signal 230 is sufficient to allow selection
of'n-1 inputs of first MUX 228. First select signal 230 may be
determined and/or configured in hardware, or a combination
of hardware and software and/or firmware (not shown), as
would be understood by persons skilled in relevant art(s)
having the benefit of this disclosure.

In some embodiments (e.g., master-slave embodiments),
first MUX 228 may provide a given one of divided clock
signals 212b-z as its output on a first MUX output 232 to
phase detector 240 (as a data input). According to a master-
slave embodiment, first divider 210a transmits divided clock
signal 2124 (as a master clock) as its output to phase detector
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240 (as a clock input). In a daisy chain embodiment, a given
divided clock signal “x” may be output by first MUX 228, and
a different divided clock signal “x-1” may be output by a
second MUX (not shown). It is contemplated that the second
MUX may be similarly configured as first MUX 228. That is,
if second divided clock signal 2125 is selected and output by
first MUX 228, then first divided clock signal 212a may be
selected and output by the second MUX (not shown). Simi-
larly, if third divided clock signal 212¢ is selected and output
by first MUX 228, then second divided clock signal 2125 may
be selected and output by the second MUX.

In amaster-slave embodiment, a given one of divided clock
signals 212a-» may be used as a reference signal for aligning
each of the other divided clock signals 212a-7 (not including
the selected given one of the divided clock signals 221a-n).
That is, the chosen master clock of divided clock signals
212a-n is transmitted as a clock input to phase detector 240
for each of the remaining divided clock signals 212a-» which
are provided by first MUX 228 to phase detector 240 as data
inputs. For example, as described above, first divided clock
signal 212a may be selected as the master clock to be pro-
vided as a clock input to phase detector 240, while one or
more of the remaining divided clock signals 2126-z (e.g.,
divided clock signal 2124, divided clock signals 212b-c,
divided clock signals 2125-n, etc.) may be provided in turn by
first MUX 228 to phase detector 240 as data inputs.

First selector 222 may select each, or any combination of,
divided clock signals 212a-% to be provided to phase detector
240 as data input(s). The different divided clock signals
212a-r may be provided to phase detector 240 as data inputs
in aserial fashion. For example, if second divided clock signal
2125 is provided to phase detector 240 as an input first, after
aphase adjustment of first phase adjusted signal 2085 (which
corresponds to second divided clock signal 21254) is com-
pleted, third divided clock 212¢ may be provided to phase
detector 240 next as an input in response to the completion.

Phase detector 240 may include functionality for enabling
the detection of a leading or lagging phase between two of
divided clock signals 212a-n. In some embodiments, phase
detector 240 may be a flip-flop (e.g., a D flip-flop), while in
other embodiments phase detector 240 may be a latch, a
register, or the like. Phase detector 240, as described above,
may receive one or more of divided clock signals 214a-» as
data input(s) and may receive different ones of divided clock
signals 214a-n as clock inputs. In some embodiments, for
example, when phase detector 240 is a D flip-flop, first
divided clock signal 212a may be input as the clock for phase
detector 240, and second divided clock signal 2125 may be
input as the data for phase detector 240. Phase detector 240
may output a phase difference signal 242 based on first
divided clock signal 212a and second divided clock signal
212b. For example, in the case where the phase of second
divided clock signal 2125 leads the phase of first divided
clock signal 212a, phase difference signal 242 may be repre-
sented asa ‘1’ (one) or a logic “high” signal. In the case where
the phase of second divided clock signal 2125 lags the phase
of first divided clock signal 212a, phase difference signal 242
may be represented as a ‘0’ (zero) or a logic “low” signal. Itis
contemplated that in various embodiments, according to
design considerations, phase difference signal 240 maybe a
1’ for a lagging phase and a ‘O’ for a leading phase. Phase
detector 240 may provide phase difference signal 242 to a
digital circuit 244.

Phase detector 240 may, in some embodiments, be enabled
and/or disabled by a disable signal 238. Phase detector 240
may be enabled/disabled by disable signal 238 in response to
completing a phase adjustment of one, some, or all, of phase
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adjusted clock signals 208a-n. Disable signal 238 may be
generated by hardware, or a combination of hardware and
software and/or firmware within or without communication
system 200. Disable signal 238 and any associated circuitry
may include functionality further than shown in FIG. 2, as
would be known to persons skilled in relevant art(s). How-
ever, such additional functionality is not shown in FIG. 2 for
purposes of brevity. By disabling phase detector 240 upon
completion of the phase adjustments communication system
200 (i.e., when phase detector 240 is not actively in use),
power savings and noise reduction may be achieved. Phase
detector 240 may be enabled by disable signal 238 at the
startup of communication system 200, startup of one or more
of communication channels 202a-7, or when coming out of a
reset state of communication system 200 or one or more of
communication channels 202a-n.

Itis contemplated that, in some embodiments, phase detec-
tor 240 may reside, physically or logically, in one of commu-
nication channels 202g-n». In other embodiments, phase
detector 240 may reside outside of communication channels
202a-r but inside communication system 200. In still further
embodiments, phase detector 240 may reside outside of com-
munication system 200. In some embodiments with multi-
channel communications, the physical connection length
(e.g., “trace length”) between communication system com-
ponents, e.g., as described herein, may be designed in an
optimized and/or matched fashion (e.g., by balanced routing
of'signal lines) to prevent delay and/or skew mismatches that
may occur due to component locations within the communi-
cation system.

In some embodiments, communication system 200 may
also include digital circuit 244, as shown in FIG. 2. Digital
circuit 244 may include functionality for enabling detection
of'a phase difference between two signals that is outside of an
acceptable tolerance (e.g., similarly to digital circuit 122 of
FIG. 1). For example, an amount of phase difference between
two of divided clock signals 2124-r may be detected. In some
embodiments, digital circuit 244 may be a digital filter. Digi-
tal circuit 244 may receive phase difference signal 242 as an
input, and may filter phase difference signal 242 to generate
phase adjustment signal 248, which is received at a second
selector 250. Digital circuit 244 may, in some embodiments,
be enabled and/or disabled by a digital disable signal 246.
Digital circuit 244 may be enabled/disabled by digital disable
signal 246 in response to completing a phase adjustment of
one or more of phase adjusted clock signals 208a-7. Digital
disable signal 246 may be the same signal as disable signal
238 or may be generated separately, but similarly, to disable
signal 238, as described above.

Second selector 250 may select and output phase adjust-
ment signal 248 to one of phase interpolators 206a-1 via
interpolator adjustment inputs 252a-n respectively. It is noted
that in various embodiments, interpolator adjustment input
252a connected to additional phase interpolator 2064 may be
optional. Second selector 250 may include a demultiplexor or
other equivalent circuitry to enable the selection of one of
interpolator adjustment inputs 252a-r. The output of second
selector 250 may be determined by a third select signal 254.
Third select signal 254 may be m-bits wide, according to
design, such that m bits are sufficient to allow selection of n
outputs from second selector 250. For example, m may be
determined, for a given n, according to Equation 1, as
described above. Third select signal 254 may be determined
and/or provided by hardware, or a combination of hardware
and software and/or firmware (not shown), as would be
understood by persons skilled in relevant art(s) having the
benefit of this disclosure.
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It is also contemplated that the phase adjustment described
with respect to communication system 200 of FIG. 2 may be
performed at a transmitter side or a receiver side of commu-
nication system 200, as would be apparent to persons skilled
in relevant art(s) having the benefit of this disclosure.

Accordingly, in some embodiments, such as is shown in
FIG. 2 multiple communication channels (e.g., communica-
tion channels 202q-7) may be aligned using a single phase
detector (e.g., phase detector 240). By enabling multi-chan-
nel alignment using a single phase detector, valuable circuit
area and routing may be conserved, and phase alignment may
be achieved in existing designs simply and easily.

Example Embodiments for Channels Having
Different Characteristics

In the embodiments described above, multiple communi-
cation channels having similar architectures are aligned by
aligning the lowest speed clocks of the channels (e.g., the
divided clock signals). In embodiments, communication
channels that have different characteristics may be phase
aligned. For instance, in an embodiment, a communication
channel may be configured to enable clock and data phase
alignment between communication channels with different
data transfer latencies, different architectures, and/or differ-
ent operational clock frequencies.

For example, FIG. 3 shows a communication system 300,
according to an example embodiment. Communication sys-
tem 300 may be any communication system such as those
described herein, and communication system 300 may be
implemented in hardware, or a combination of hardware and
software and/or firmware. Communication system 300 may
include a number of communication channels, e.g., commu-
nication channels 302 and 356, as shown in FIG. 3. Commu-
nication channels 302 and 356 may be synchronous or asyn-
chronous with respect to each other, and communication
channels 302 and 356 may transfer data using the same or
different data transfer speeds and or protocols. In some
embodiments, communication channels 302 and 356 may
have different data transfer latencies (e.g., due to different
multiplexor architectures within communication channels
302 and 356), and in some embodiments, communication
channels 302 and 356 may transfer data at different clock
frequencies (e.g., first communication channel 302 may
transfer data at a first clock frequency and second communi-
cation channel 356 may transfer data at a second clock fre-
quency). Communication channels 302 and 356 may transfer
data by the same or different data transfer protocols, and may
transfer the same or different numbers of data bits per their
respective interfaces. Communication system 300 may also
include functionality further than shown in FIG. 3, as would
be known to persons skilled in relevant art(s). However, such
additional functionality is not shown in FIG. 3 for purposes of
brevity. The elements of communication system 300 are
described as follows.

First communication channel 302 may include functional-
ity to enable the transfer of a data stream through first com-
munication channel 302. First communication channel 302
may receive a first master clock signal 304. First master clock
signal 304 may be generated by a phase lock loop (PLL) (not
shown) or any other type of clock generator. In some embodi-
ments, when more than one clock generator is used to gener-
ate clock signals in communication system 300, the clock
generators used are locked with respect to each other (e.g., the
clock generators have the same frequency). First communi-
cation channel 302 may include a first phase interpolator 306
configured to generate and output a first phase adjusted clock
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signal 308 based upon first master clock signal 304. First
communication channel 302 may include a first divider 310
that may receive first phase adjusted clock signal 308 as an
input and generate a first divided clock signal 312 based upon
first phase adjusted clock signal 308. First divided clock
signal 312 may be generated by dividing first master clock
signal 304 by the number of data bits in the interface of first
communication channel 302 (i.e., the number of data bits to
be transferred through first communication channel 302 in a
clock cycle). First divided clock signal 312 may be used as the
clock for transferring data through first communication chan-
nel 302 as described below.

First communication channel 302 may also include a num-
ber of first data driving circuits 320q. In some embodiments,
first data driving circuits 320a may be composed of flip-flops
(e.g., D flip-flops), latches, registers and/or the like, which act
as data drivers. The number of data drivers in first data driving
circuits 320a may be greater than or equal to the number of
data bits in the data interface of first communication channel
302 (e.g., a data bus width). Each of the data drivers of first
data driving circuits 320a may receive first divided clock
signal 312 as a clock input and a first data line 318 as a data
input. In some embodiments, data transferred on first com-
munication channel 302 may optionally be provided from a
first optional data line 314 and through a first delay 316 before
being provided to first data line 318. In such embodiments,
first delay 316 may be any delay element (e.g., a buffer, an
inverter or inverter pair, and/or the like) configured to delay
data on first optional data line 314 such that a difference
between data transmission timing due to architectural differ-
ences between communication channels 302 and 356 is
reduced or eliminated. Data on first communication channel
302 may then be driven (i.e., transferred) through first com-
munication channel 302 on a first transmit data line 3224a by
first data driving circuits 320q. It is noted that first data line
318, first optional data line 314, and first transmit data line
322a may be any number of data bits (i.e., have a data width)
according to design-specific requirements. First divided
clock signal 312 may also be provided to a second divider
324, as described below.

Second communication channel 356 may include func-
tionality to enable the transfer of a data stream through second
communication channel 356. Second communication chan-
nel 356 may receive a second master clock signal 340. Second
master clock signal 340 may be generated by a phase lock
loop (PLL) (not shown) or any other type of clock generator.
The PLL may be the same PLL discussed above with respect
to first communication channel 302 or may be a different
clock generator as described above. Second communication
channel 356 may include a second phase interpolator 342
configured to generate and output a second phase adjusted
clock signal 344 based upon second master clock signal 340.
Second communication channel 356 may include a third
divider 346 that may receive second phase adjusted clock
signal 344 as an input and generate a third divided clock
signal 348 based upon second phase adjusted clock signal
344. Third divided clock signal 348 may be generated by
dividing second master clock signal 340 by the number of
data bits in the interface of second communication channel
356 (i.e., the number of data bits to be transferred through
second communication channel 356). Third divided clock
signal 348 may be used as the clock for transferring data
through second communication channel 356 as described
below.

Second communication channel 356 may also include a
number of second data driving circuits 3205. In some
embodiments, second data driving circuits 3205 may be com-
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posed of flip-flops (e.g., D flip-flops), latches, registers and/or
the like, which act as data drivers. The number of data drivers
in second data driving circuits 3206 may be greater than or
equal to the number of data bits in the data interface of second
communication channel 356. Each of the data drivers of sec-
ond data driving circuits 3205 may receive third divided clock
signal 348 as a clock input and a second data line 358 as a data
input. In some embodiments, data transferred on second com-
munication channel 356 may optionally be provided from a
second optional data line 352 and through a second delay 354
before being provided to second data line 358. In such
embodiments, second delay 354 may be any delay element
(e.g., a buffer, an inverter or inverter pair, and/or the like)
configured to delay data on second optional data line 352 such
that a difference between data transmission timing due to
architectural differences between communication channels
302 and 356 is reduced or eliminated. It is contemplated that
in some embodiments, the delay provided by first delay 316
and/or second delay 354 may be programmable and/or adjust-
able. Data on second communication channel 356 may then
be driven (i.e., transferred) through second communication
channel 356 on a second transmit data line 3224 by second
data driving circuits 3204. It is noted that second data line
358, second optional data line 314, and second transmit data
line 32256 may be any number of data bits (i.e., have a data
width) according to design-specific requirements. Third
divided clock signal 348 may also be provided to a fourth
divider 350, as described below.

Communication system 300 may also include second
divider 324 and fourth divider 350, in some example embodi-
ments. Second divider 324 and fourth divider 350 may
respectively receive and divide first divided clock signal 312
and third divided clock signal 348 to generate a second
divided clock signal 326 and a fourth divided clock signal
360, respectively. Second divider 324 and fourth divider 350
may be configured to enable generation of two clock signals
with the same frequency (e.g., second divided clock signal
326 and fourth divided clock signal 360). For example, first
divided clock signal 312 and third divided clock signal 348
may have different frequencies based upon first master clock
signal 304 and second master clock signal 340 respectively.
Second divider 324 and fourth divider 350 may respectively
divide first divided clock signal 312 and third divided clock
signal 348 by different factors such that second divided clock
signal 326 and fourth divided clock signal 360 have the same
frequency or about the same frequency. As an illustrative
example, if first divided clock signal 312 is 300 MHz and
third divided clock signal 348 is 200 MHz, second divider 324
may divide first divided clock signal 312 by a factor of three
(°3”), and fourth divider 350 may divide third divided clock
signal 348 by a factor of two (‘2”) resulting in both second
divided clock signal 326 and fourth divided clock signal 360
having the same frequency of 100 MHz. Second divided
clock signal 326 and fourth divided clock signal 360 may be
provided to a phase detector 328, as shown in FIG. 3 and
described below.

Communication system 300 may include phase detector
328, in some example embodiments. Phase detector 328 may
include functionality for enabling the detection of aleading or
lagging phase between two divided clock signals (e.g., sec-
ond and fourth divided clock signals 326 and 360). In some
embodiments, phase detector 328 may be a flip-flop (e.g.,aD
flip-flop), while in other embodiments phase detector 328
may be a latch, a register, or the like. Phase detector 328 may
receive second divided clock signal 326 as a clock input and
may receive and fourth divided clock signal 360 as a data
input. In some embodiments, for example, when phase detec-

5

10

15

20

25

30

35

40

45

55

60

65

18

tor 328 is a D flip-flop, second divided clock signal 326 may
be input as the clock for phase detector 328, and fourth
divided clock signal 360 may be input as the data for phase
detector 328. Phase detector 328 may output a phase difter-
ence signal 330 based on second divided clock signal 326 and
fourth divided clock signal 360. For example, in the case
where the phase of fourth divided clock signal 360 leads the
phase of second divided clock signal 326, phase difference
signal 330 may be represented as a ‘1’ (one) or a logic “high”
signal. In the case where the phase of fourth divided clock
signal 360 lags the phase of second divided clock signal 326,
phase difference signal 330 may be represented as a ‘0’ (zero)
or a logic “low” signal. It is contemplated that in various
embodiments, according to design considerations, phase dif-
ference signal 330 maybe a ‘1’ for a lagging phase and a ‘0’
for a leading phase. Phase detector 328 may provide phase
difference signal 330 to a digital circuit 334.

Phase detector 328 may, in some embodiments, be enabled
and/or disabled by a disable signal 332. Phase detector 328
may be enabled/disabled by disable signal 238 in response to
completing a phase adjustment between first phase adjusted
clock signal 308 and second phase adjusted clock signal 344.
Disable signal 332 may be generated by hardware, or a com-
bination of hardware and software and/or firmware within or
without communication system 300. Disable signal 332 and
any associated circuitry may include functionality further
than shown in FIG. 3, as would be known to persons skilled in
relevant art(s). However, such additional functionality is not
shown in FIG. 3 for purposes of brevity. By disabling phase
detector 328 upon completion of the phase adjustment(s) (i.e.,
when phase detector 328 is not actively in use), power savings
and noise reduction may be achieved. Phase detector 328 may
be enabled by disable signal 332 at the startup of communi-
cation system 300, startup of one or more of communication
channels 302 and 356, or when coming out of a reset state of
communication system 300 or one or more of communication
channels 302 and 356.

Itis contemplated that, in some embodiments, phase detec-
tor 328 may reside, physically or logically, in one of commu-
nication channels 302 and 356. In other embodiments, phase
detector 328 may reside outside of communication channels
302 and 356 but inside communication system 300. In still
further embodiments, phase detector 328 may reside outside
of communication system 300.

In some embodiments, communication system 300 may
also include digital circuit 344, as shown in FIG. 3. Digital
circuit 344 may include functionality for enabling detection
of'a phase difference between two signals that is outside of an
acceptable tolerance (similarly to digital circuit 122 of FIG.
1). For example, an amount of phase difference between
second divided clock signal 312 and fourth divided clock
signal 348 may be detected. In some embodiments, digital
circuit 344 may be a digital filter. Digital circuit 344 may
receive phase difference signal 330 as an input, and may
output phase adjustment signal 336 to second phase interpo-
lator 342. It is contemplated that in some embodiments, phase
adjustment signal 336 may be provided to first phase inter-
polator 306 instead of second phase interpolator 342. In such
embodiments, second divided clock signal 326 may be pro-
vided to phase detector 328 as a data input, while fourth
divided clock signal 360 may be provided to phase detector
328 as a clock input. Digital circuit 334 may, in some embodi-
ments, be enabled and/or disabled by a digital disable signal
338. Digital circuit 334 may be enabled/disabled by digital
disable signal 338 in response to completing a phase adjust-
ment between phase adjusted clock signals 208a-b. Digital
disable signal 338 may be the same signal as disable signal
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332 or may be generated separately, but similarly, to disable
signal 332, as described above.

It is also contemplated that the phase adjustment described
with respect to communication system 200 of FIG. 2 may be
performed at a transmitter side or a receiver side of commu-
nication system 200, as would be apparent to persons skilled
in relevant art(s) having the benefit of this disclosure. It is
further contemplated that communication system 300 may
include more than two communication channels, as described
with respect to communication systems 100 and 200.

As such, in an embodiment, communication channels hav-
ing different architectures (e.g., different master clock fre-
quencies) may be phase aligned. The low speed clocks of the
channels may be selected, and a clock frequency that is a
lowest common denominator thereof may be determined and
generated for each channel from the channel’s lowest speed
clock. A phase error between the common clock frequencies
of the channels may be determined, and a phase interpolator
of one of the channels may be adjusted accordingly. This
creates a fixed/predictable skew between the channels having
different architectures, which can be compensated by a first-
in first-out buffer or by another mechanism(s). The predict-
able skew is due to the difference in multiplexor up latency.
Furthermore, there is no need to reset any of the additional
dividers.

Example Operational Embodiments

The above described communication systems may perform
their functions in various ways, including as described above
and as described in the present subsection. For example, FIG.
4 shows a flowchart 400 providing example steps for aligning
clock phases and data in a multi-channel communication
system, according to an exemplary embodiment. Systems
100 of FIG. 1 and 200 of FIG. 2 may each operate according
to flowchart 400, in an embodiment. Other structural and
operational embodiments will be apparent to persons skilled
in the relevant art(s) based on the discussion regarding flow-
chart 400. Flowchart 400 is described as follows.

Flowchart 400 may begin with step 402. In step 402, a first
phase adjusted clock signal may be generated. For example,
referring again to FIG. 1, first phase interpolator 106a of first
communication channel 102 may receive master clock sig-
nal 104. First phase interpolator 106a may adjust the phase of
master clock signal 104 and output first phase adjusted clock
signal 134. First phase interpolator 1064 may initially output
first phase adjusted clock signal 134 without a phase adjust-
ment if no phase adjustment is initially required or deter-
mined. That is, first phase adjusted clock signal 134 may
initially be generated with zero phase adjustment. In some
embodiments, first phase interpolator 106 may maintain first
phase adjusted clock signal 134 without a phase adjustment.

In step 404, a first divided clock signal may be generated
based on a master clock signal. For example, as described
above with respect to FIG. 1, first divider 110qa of first com-
munication channel 102a may receive and divide phase
adjusted clock signal 134 to generate first divided clock signal
114 based on phase adjusted clock signal 134. First divided
clock signal 114 may be generated by dividing phase adjusted
clock signal 134 by an amount so that divided clock signal
114 matches a data rate of data to pass through first commu-
nication channel 102a. As such, first divided clock signal 114
may be used as the clock for transferring data through first
communication channel 102a. For example, if first commu-
nication channel 102a transmits 16 bits of data at a time,
phase adjusted clock signal 134 may be divided such that the
serialized data is transmitted through communication channel
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102a sixteen times as fast as the frequency of master clock
signal 104. As such, the overall data transmission rate may be
maintained.

In step 406, a second phase adjusted clock signal may be
generated. For example, referring again to FIG. 1, second
phase interpolator 1065 of second communication channel
1025 may receive master clock signal 104. Second phase
interpolator 1065 may adjust the phase of master clock signal
104 and output second phase adjusted clock signal 108. Sec-
ond phase interpolator 1065 may initially output second
phase adjusted clock signal 108 without a phase adjustment if
no phase adjustment is initially required or determined. That
is, second phase adjusted clock signal 108 may initially be
generated with zero phase adjustment. Further phase adjust-
ment of second phase adjusted clock signal 108 is described
below with respect to step 412.

In step 408, a second divided clock signal may be generated
based on the second phase adjusted clock signal. For
example, as shown in FIG. 1, second divider 1105 receives
second phase adjusted clock signal 108, then generates and
outputs second divided clock signal 112 based upon second
phase adjusted clock signal 108. As similarly discussed above
in step 404 with respect to first divided clock signal 114,
second divider 1105 may divide second phase adjusted clock
signal 108 by a factor equal to the number of data bits of the
data interface of second communication channel 1025. Sec-
ond divided clock signal 112 may be used as the clock for
transferring data through second communication channel
1024. FIG. 2 similarly shows an alternate configuration for
generating a second divided clock signal. For example, sec-
ond divided clock signal 2125 may be generated by second
divider 2105, as shown in FIG. 2.

In step 410, a phase difference may be determined between
the first divided clock signal and the second divided clock
signal. For example, as shown in FIG. 1, first divided clock
signal 114 of first communication channel 1024 and second
divided clock signal 112 of second communication channel
1025 may be received as inputs to first phase detector 116. In
one embodiment, first divided clock signal 114 may be a
clock input to first phase detector 116, and second divided
clock signal 112 may be a data input to first phase detector
116. First phase detector 116 may output phase difference
signal 120 based on first divided clock signal 114 and second
divided clock signal 112. For example, in the case where the
phase of second divided clock signal 112 leads the phase of
first divided clock signal 114, phase difference signal 120
may be represented as a ‘1’ (one) or a logic “high” signal. In
the case where the phase of second divided clock signal 112
lags the phase of first divided clock signal 114, phase difter-
ence signal 120 may be represented as a ‘0’ (zero) or a logic
“low” signal. FIG. 2 similarly shows an alternate configura-
tion for determining a phase difference between the first
divided clock signal and the second divided clock signal. For
example, phase detector 240 may receive first divided clock
signal 212a and second divided clock signal 2125 via first
MUX output 232 and may output phase difference signal 242,
as shown in FIG. 2.

In step 412, a phase of the second phase adjusted clock
signal may be adjusted based on the determined phase differ-
ence. For example, as shown in FIG. 1, phase difference
signal 120 may be transmitted to digital circuit 122 which
may provide phase adjustment signal 124, based on phase
difference signal 120, to second phase interpolator 1065.
Second phase interpolator 1065 may adjust the phase of sec-
ond phase adjusted clock signal 108 based, at least in part, on
phase adjustment signal 124. The phase of second phase
adjusted clock signal 108 may be adjusted by moving first
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phase adjusted clock signal 108 signal forward or backward
with respect to a reference time or a signal reference point
associated with master clock signal 104. For example, the
phase of second phase adjusted clock signal 108 may be
adjusted by delaying second phase adjusted clock signal 108
by a predetermined period of time or number of degrees. The
predetermined period of time and/or number of degrees may
be based, in some embodiments, upon design considerations
such as the frequency of an associated master clock (e.g.,
master clock signal 104). For example, the predetermined
period of time may be 1 microsecond or a multiple thereof, 1
nanosecond or a multiple thereof, 1 picosecond or a multiple
thereof, or any other period of time appropriate for a given
frequency of an associated master clock signal.

As such, the clock signals (first and second divided clock
signals 114 and 112) of first and second communication chan-
nels 102a and 1025 may be adjusted to be in phase, as well as
the clock signals of any additional communication channels
that are present (e.g., communication channels 102¢-1027).
This adjustment enables synchronous operation, removing
skew of data from lane to lane. This adjustment may be
performed at any time, including at power up and/or at system
reset. Subsequent to performing the adjustment, the commu-
nication channels may be used to transfer data streams in a
synchronous manner. For instance, after such adjustment is
performed, steps 414 and 416 of flowchart 400 may be per-
formed, as described as follows.

In step 414, a first data stream may be transferred through
a first communication channel according to the first divided
clock signal. For example, as shown in FIG. 2, a first data
stream on first data line 216a may be clocked through a
number of first data driving circuits 214a based on first
divided clock signal 212a. The first data stream may be trans-
ferred through first communication channel 202a on first
transfer data line 218a. As described above with respect to
FIG. 2, first data driving circuits 214a may be composed of
flip-flops (e.g., D flip-flops), latches, registers and/or the like,
which act as data drivers. It should be noted that for embodi-
ments in which the first communication channel is asynchro-
nous with respect to one or more other channels, the first data
stream may be transferred without waiting for phase adjust-
ment of the one or more other channels. For embodiments in
which the first communication channel is synchronous with
respect to one or more other channels, the first data stream
may be transterred after phase adjustments of the one or more
other channels.

In step 416, a second data stream may be transferred
through a second communication channel according the sec-
ond divided clock signal. For example, referring back to FIG.
2, a second data stream on second data line 2165 may be
clocked through a number of second data driving circuits
214b based on second divided clock signal 21256. The second
data stream may be transferred through second communica-
tion channel 2025 on second transfer data line 218b. As
described above with respect to FIG. 2, second data driving
circuits 2145 may be composed of flip-flops (e.g., D flip-
flops), latches, registers and/or the like, which act as data
drivers, and may analogously configured to first data driving
circuits 214a. Furthermore, the first and second data streams
on first and second data lines 218a and 2185 are transferred
synchronously, due the operation of steps 402-412 to align the
respective channel clocks. It is contemplated, however, that in
some embodiments, one or more communication channels
(e.g., some combination of data channels 202a-#) may oper-
ate synchronously and/or asynchronously with respect to
other data channels, as described herein.
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In another example, FIG. 5 shows a flowchart 500 provid-
ing example steps for determining and transmitting a phase
adjustment signal to a phase interpolator for a communication
channel, according to an embodiment. It is contemplated that
the steps of flowchart 500 may be repeated for some or all
communication channels in a given communication system
(e.g., 100, 200, and 300). Digital circuits 122, 244, and 334
(of FIGS. 1-3, respectively) may each operate according to
flowchart 500, in an embodiment. In some embodiments,
flowchart 500 may further describe details associated with
steps 410 and 412 of flowchart 400, as described above with
respect to FIG. 4. In some embodiments, flowchart 500 may
further describe details associated with steps 614 and 616 of
flowchart 600, as described below with respect to FIG. 6.
Other structural and operational embodiments will be appar-
ent to persons skilled in the relevant art(s) based on the dis-
cussion regarding flowchart 500. Flowchart 500 is described
as follows.

Flowchart 500 may begin with step 502. In step 502, a
phase difference signal may be received from the phase detec-
tor. For example, as shown in FIG. 1, phase difference signal
120 may be transmitted to digital circuit 122 of communica-
tion system 100. First phase detector 116 may output phase
difference signal 120 based on first divided clock signal 114
and second divided clock signal 112, as shown in FIG. 1. In
the case where the phase of second divided clock signal 112
leads the phase of first divided clock signal 114, phase difter-
ence signal 120 may be represented as a ‘1” (one) or a logic
“high” signal. In the case where the phase of second divided
clock signal 112 lags the phase of first divided clock signal
114, phase difference signal 120 may be represented as a ‘0’
(zero) or a logic “low” signal.

In step 504, the phase difference signal may be sampled.
For example, as shown in FIG. 1 and as described above, a
logic “high” signal or a logic “low” signal may be received by
digital circuit 122 via phase difference signal 120. Digital
circuit 122 may sample the received phase difference signal
120. Sampling of phase difference signal 120 may be per-
formed at a predetermined frequency (e.g., a sub-sampled
output).

In step 506, a predetermined number of phase difference
signal samples may be accumulated. For example, digital
circuit 122, as shown in FIG. 1, may accumulate or store a
predetermined number of samples of phase difference signal
120. Samples may be accumulated by one or more registers,
flip-flops, memories, counters, and/or the like. The number of
samples accumulated may be based in part on design-specific
considerations such as master clock frequency, availability of
accumulation storage, and/or the like. For example, eight
samples, sixteen samples, thirty-two samples, sixty-four
samples, and even greater numbers of samples may be accu-
mulated (e.g., summed). In some embodiments, the accumu-
lated samples may be based on a logic “high” signal (e.g., ‘1’
(one)) or a logic “low” signal (e.g., ‘0’ (zero)) phase differ-
ence signal (e.g., phase difference signal 120) received from
a phase detector (e.g., first phase detector 116).

In step 508, the sampled count (i.e., the accumulation) may
be compared to one or more user-defined thresholds (e.g., to
determine whether the sampled count is greater than, greater
than or equal to, less than, less than or equal to, within a range,
etc., relative to the threshold(s)). For example, digital circuit
122, as shown in FIG. 1, may store a user-defined or pre-
defined threshold(s) that corresponds to an acceptable phase
difference tolerances for leading or lagging phases. The user-
defined threshold(s) may be compared to the accumulated
sample count. The result of the comparison may be indicative
of'aleading or a lagging phase of a divided clock signal (e.g.,
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second divided clock signal 112 as shown in FIG. 1). For
instance, with regard to an example of 16 samples being
accumulated, a user-defined, lagging threshold may be set to
a value of ‘0, 1°, ‘2, ‘3, etc., and a user-defined, leading
threshold may be setto a value of °16°, <15, “14°, °13”, etc. In
some embodiments, more than one user-defined threshold
(e.g., for leading and lagging phases) may be stored and
compared with the accumulated sample count. It is also con-
templated that any value for the user-defined threshold(s)
may be used in accordance with design goals.

In the example embodiment shown in FIG. 1, an accumu-
lated count of 1’s and 0’s for a sample size of sixteen (‘16”)
that is greater than (or greater than or equal to) a correspond-
ing first (e.g., upper) threshold may indicate that the phase of
second divided clock signal 112 is lagging first divided clock
signal 114 by an unacceptable or undesirable margin. Simi-
larly, an accumulated count of 1°s and 0’s for the sample size
of sixteen that is less than (or less than or equal to) a corre-
sponding second (e.g., lower) threshold may indicate that the
phase of second divided clock signal 112 is leading first
divided clock signal 114 by an unacceptable or undesirable
margin. An accumulated count of 1’s and 0’s for the sample
size of sixteen that falls between the threshold values may
indicate that the phases of first and second divided clock
signals 114 and 112 are sufficiently close to each other.

In step 510, if it is determined that the accumulated count
is between the leading and lagging thresholds, digital circuit
122 may indicate that no phase adjustment is currently
needed for a phase adjusted clock (e.g., 108), and the calibra-
tion of the current communication channel (e.g., 102a-7) may
end. In some embodiments, digital circuit 122 may indicate
no adjustment is needed by transmitting a corresponding
voltage or value on transmit phase adjustment signal (e.g.,
124) to a phase interpolator (e.g., 1065). If it is determined
that the accumulated count is not between the leading and
lagging thresholds the flow proceeds to step 512 where digital
circuit 122 may indicate that a phase adjustment is currently
needed for the phase adjusted clock.

Instep 512, the phase adjustment signal may be transmitted
to the phase interpolator. Digital circuit 122, as shown in FIG.
1, may transmit phase adjustment signal 124 to second phase
interpolator 1064. If it is determined that the accumulated
count is not between the leading and lagging thresholds,
digital circuit 122 may indicate that a phase adjustment is
currently needed for phase adjusted clock 108. Phase adjust-
ment signal 124 may be set to a voltage or value indicating an
adjustment be made to align phase adjusted clock 108 for a
lagging phase as determined, or may be set to a voltage or
value indicating an adjustment be made to align phase
adjusted clock 108 for a leading phase as determined. For
example, phase interpolator 1065 may rotate the received
master clock signal (e.g., 104) forward for a lagging phase or
backward for a leading phase.

Furthermore, in embodiments, system 300 may be config-
ured in any manner to perform its functions. For example,
FIG. 6 shows a flowchart 600 providing example steps for
aligning clock phases and data in a multi-channel communi-
cation system, according to an exemplary embodiment. Sys-
tem 300 of FIG. 3 may operate according to flowchart 600, in
an embodiment. Other structural and operational embodi-
ments will be apparent to persons skilled in the relevant art(s)
based on the discussion regarding flowchart 600. Flowchart
600 is described as follows.

Flowchart 600 may begin with step 602. In step 602, a first
phase adjusted clock signal may be generated. For example,
as shown in FIG. 3, first phase interpolator 306 of first com-
munication channel 302 may receive first master clock signal
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304. First phase interpolator 306 may adjust the phase of first
master clock signal 304 and output first phase adjusted clock
signal 308. First phase interpolator 306 may initially output
first phase adjusted clock signal 308 without a phase adjust-
ment if no phase adjustment is initially required or deter-
mined. That is, first phase adjusted clock signal 308 may
initially be generated with zero phase adjustment. Further
phase adjustment of first phase adjusted clock signal 308 is
described below with respect to step 616.

In step 604, a first divided clock signal may be generated
based on a master clock signal. For example, as described
above with respect to FIG. 3, first divider 310 of first com-
munication channel 302 may receive first phase adjusted
clock signal 308 and generate first divided clock signal 312
based on first phase adjusted clock signal 308. First divided
clock signal 312 may be generated by dividing first phase
adjusted clock signal 308 by the number of data bits in the
interface of first communication channel 302. First divided
clock signal 312 may be used as the clock for transferring data
through first communication channel 302.

Instep 606, a second divided clock signal may be generated
based on the first divided clock signal. For example, as
described above with respect to FIG. 3, second divider 324 of
first communication channel 302 may receive and divide first
divided clock signal 312 to generate second divided clock
signal 326. Second divided clock signal 326 may be gener-
ated by dividing first divided clock signal 312 by a predeter-
mined factor such that second divided clock signal 326 may
have the same frequency as fourth divided clock signal 360, as
described with respect to FIG. 3. That is, second divider 324
may be configured to enable second divided clock signal 326
to have the same frequency as fourth divided clock signal 360
generated by fourth divider 350. For example, first divided
clock signal 312 and third divided clock signal 348 may have
different frequencies based upon first master clock signal 304
and second master clock signal 340 respectively. Second
divider 324 and fourth divider 350 may respectively divide
first divided clock signal 312 and third divided clock signal
348 by different factors such that second divided clock signal
326 and fourth divided clock signal 360 have the same fre-
quency or about the same frequency.

In step 608, a second phase adjusted clock signal may be
generated. For example, as shown in FIG. 3, second phase
interpolator 342 of second communication channel 356 may
receive second master clock signal 340. Second master clock
signal 340 may be generated by one or more PLLs or other
clock sources as described herein. Second phase interpolator
342 may adjust the phase of second master clock signal 340
and output second phase adjusted clock signal 344. Second
phase interpolator 342 may initially output second phase
adjusted clock signal 344 without a phase adjustment if no
phase adjustment is initially required or determined. That is,
second phase adjusted clock signal 344 may initially be gen-
erated with zero phase adjustment. Further phase adjustment
of'second phase adjusted clock signal 344 is described below
with respect to step 620.

In step 610, a third divided clock signal may be generated
based on the second phase adjusted clock signal. For
example, as shown in FIG. 3, third divider 346 of second
communication channel 356 may receive and divide second
phase adjusted clock signal 344 to generate third divided
clock signal 348. Third divided clock signal 348 may be
generated by dividing second phase adjusted clock signal 344
by the number of data bits in the interface of second commu-
nication channel 356. Third divided clock signal 348 may be
used as the clock for transferring data through second com-
munication channel 356.
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In step 612, a fourth divided clock signal may be generated
based on the third divided clock signal. For example, as
described above with respect to FIG. 3, fourth divider 350 of
second communication channel 356 may receive third
divided clock signal 348 and generate fourth divided clock
signal 360 based on third divided clock signal 348. Fourth
divided clock signal 360 may be generated by dividing third
divided clock signal 348 by a predetermined factor such that
fourth divided clock signal 360 may have the same frequency
as second divided clock signal 326, as described with respect
to FIG. 3. That is, fourth divider 350 may be configured to
enable fourth divided clock signal 360 to have the same
frequency as second divided clock signal 326 generated by
second divider 324. For example, third divided clock signal
348 and first divided clock signal 312 may have different
frequencies based upon second master clock signal 340 and
first master clock signal 304 respectively. Fourth divider 350
and second divider 324 may respectively divide third divided
clock signal 348 and first divided clock signal 312a by dif-
ferent factors such that fourth divided clock signal 360 and
second divided clock signal 326 have the same frequency or
about the same frequency.

In step 614, a phase difference may be determined between
the second divided clock signal and the fourth divided clock
signal. For example, as shown in FIG. 3, second divided clock
signal 326 of first communication channel 302 and fourth
divided clock signal 360 of second communication channel
356 may be received as inputs to phase detector 328. In one
embodiment, as shown in FIG. 3, second divided clock signal
326 may be a clock input to phase detector 328, and fourth
divided clock signal 360 may be a data input to phase detector
328. In some embodiments, phase detector 328 may be a
flip-flop (e.g., a D flip-flop). Phase detector 328 may output
phase difference signal 330 based on second divided clock
signal 326 and fourth divided clock signal 360. For example,
in the case where the phase of fourth divided clock signal 360
leads the phase of second divided clock signal 326, phase
difference signal 330 may be represented as a ‘1’ (one) or a
logic “high” signal. In the case where the phase of fourth
divided clock signal 360 lags the phase of second divided
clock signal 326, phase difference signal 330 may be repre-
sented as a ‘0’ (zero) or a logic “low” signal.

In step 616, a phase of the second phase adjusted clock
signal may be adjusted based on the determined phase differ-
ence. For example, as shown in FIG. 3, phase difference
signal 330 may be transmitted to digital circuit 334 which
may provide phase adjustment signal 336, based on phase
difference signal 330, to second phase interpolator 342. Sec-
ond phase interpolator 342 may adjust the phase of second
phase adjusted clock signal 344 based, at least in part, on
phase adjustment signal 336. The phase of second phase
adjusted clock signal 344 may be adjusted by moving second
phase adjusted clock signal 344 signal forward or backward
with respect to a reference time or a signal reference point
associated with second master clock signal 340. For example,
the phase of second phase adjusted clock signal 344 may be
adjusted by delaying first phase adjusted clock signal 344 by
a predetermined period of time. The predetermined period of
time may be based, in some embodiments, upon design con-
siderations such as the frequency of an associated master
clock (e.g., second master clock signal 340). For example, the
predetermined period of time may be 1 microsecond or a
multiple thereof, 1 nanosecond or a multiple thereof, 1 pico-
second or a multiple thereof, or any other period of time
appropriate for a given frequency of an associated master
clock signal.
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As such, the clock signals of first and second communica-
tion channels 302 and 356 may be adjusted to be in phase, as
well as the clock signals of any additional communication
channels that are present. This adjustment enables synchro-
nous operation, removing skew of data from lane to lane, even
where the different communication channels may have dif-
ferent architectures. This adjustment may be performed at
any time, including at power up and/or at system reset. Sub-
sequent to performing the adjustment, the communication
channels may be used to transfer data streams in a synchro-
nous manner. For instance, after such adjustment is per-
formed, steps 618 and 620 of flowchart 600 may be per-
formed, as described as follows.

In step 618, a first data stream may be transferred through
a first communication channel according to the first divided
clock signal. For example, as shown in FIG. 3, a first data
stream on first data line 318 may be clocked through a number
of first data driving circuits 320a based on first divided clock
signal 312. The first data stream may be transferred through
first communication channel 302 on first transfer data line
322a.

In step 620, a second data stream may be transferred
through a second communication channel according to the
third divided clock signal. For example, as shown in FIG. 3, a
second data stream on second data line 358 may be clocked
through a number of second data driving circuits 32056 based
on third divided clock signal 348. The second data stream
may be transferred through second communication channel
356 on second transfer data line 3225.

Further Example Embodiments and Advantages

The embodiments described herein enable alignment of
clocks across channels of multi-channel/multilane communi-
cation systems having similar or different channel architec-
tures. Such embodiments may be implemented in circuits that
have less overhead. After phase alignment/synchronization is
performed, the circuits (e.g., phase detector and associated
calibration loop) may be turned off to save power. Existing
implementations can be modified to enable phase alignment.
In embodiments, the resetting and controlling of timing mar-
gins, and the resetting of analog dividers is not needed—
however, embodiments described herein may be used in con-
junction with resetting approaches. Embodiments enable
modular design, enable scalability as the number of channels
increase, and reduce latency skew to meet tighter transmitter
and/or receiver output specifications. Embodiments support
communication systems that include multiple standards of
communication channels.

Conclusion

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. It will be apparent to per-
sons skilled in the relevant art that various changes in form
and detail can be made therein without departing from the
spirit and scope of the embodiments. Thus, the breadth and
scope of the embodiments should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:

1. A communication system, comprising:

a first communication channel that includes

afirst divider configured to generate a first divided clock
signal based on a master clock signal, the first divided
clock signal configured to clock a first data stream
through the first communication channel; and
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a second communication channel that includes

a phase interpolator configured to receive the master
clock signal and generate a first phase adjusted clock
signal,

a second divider configured to generate a second divided
clock signal from the first phase adjusted clock signal,
the second divided clock signal configured to clock a
second data stream through the second communica-
tion channel, and

a phase detector configured to determine a phase differ-
ence between the first divided clock signal and the
second divided clock signal;

wherein the phase interpolator is configured to adjust a

phase of the first phase adjusted clock signal based on

the determined phase difference.

2. The communication system of claim 1, further compris-
ing:

at least one additional communication channel that

includes

a corresponding phase interpolator configured to receive
the master clock signal and generate a corresponding
phase adjusted clock signal,

a corresponding divider configured to generate a corre-
sponding divided clock signal from the corresponding
phase adjusted clock signal, the corresponding
divided clock signal configured to clock a corre-
sponding data stream through the corresponding
communication channel, and

a corresponding phase detector configured to determine
a phase difference between the first divided clock
signal and the corresponding divided clock signal;

wherein the corresponding phase interpolator is configured

to adjust a phase of the corresponding phase adjusted
clock signal based on the determined phase difference
between the first divided clock signal and the corre-
sponding divided clock signal.

3. The communication system of claim 1, further compris-
ing:

a third communication channel that includes

a second phase interpolator configured to receive the
master clock signal and generate a second phase
adjusted clock signal,

a third divider configured to generate a third divided
clock signal from the second phase adjusted clock
signal, the third divided clock signal configured to
clock a third data stream through the third communi-
cation channel, and

a second phase detector configured to determine a phase
difference between the first divided clock signal and
the third divided clock signal;

wherein the second phase interpolator is configured to

adjust a phase of the second phase adjusted clock signal

based on the determined phase difference between the
second divided clock signal and the third divided clock
signal.

4. The communication system of claim 1, wherein the
communication system includes a plurality of communica-
tion channels that includes the first and second communica-
tion channels;

wherein in a first implementation of the plurality of com-

munication channels, at least a first subset of the plural-

ity of communication channels are configured to trans-
mit a first plurality of data streams according to a first
communication standard; and

wherein in a second implementation of the plurality of

communication channels, at least a second subset of the

plurality of communication channels are configured to
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transmit a second plurality of data streams according to
a second communication standard, the first communica-
tion standard being different from the second commu-
nication standard.

5. The communication system of claim 4, wherein the first
implementation and the second implementation are simulta-
neously present in the communication system; and

wherein the communication system is configured to trans-
mit the first plurality of data streams and the second
plurality of data streams in at least one of a synchronous
manner or an asynchronous manner with respect to each
other.

6. The communication system of claim 1, wherein the
phase detector comprises a flip flop configured to receive the
first divided clock signal at a clock input and configured to
receive the second divided clock signal at a data input.

7. The communication system of claim 1, further compris-
ing a digital circuit portion configured to receive a signal
indicative of the determined phase difference from the phase
detector and configured to transmit a phase adjustment signal
to the phase interpolator based at least in part on the received
signal indicative of the determined phase difference.

8. The communication system of claim 7, wherein the
signal indicative of the determined phase difference com-
prises at least one of a value associated with a leading phase
or a value associated with a lagging phase; and

wherein the digital circuit portion is further configured to
transmit the phase adjustment signal based at least in
part on a predetermined number of samples of the signal
indicative of the determined phase difference having the
same value of a period of time.

9. The communication system of claim 1, further compris-
ing at least one of:

the phase detector being configured to be disabled in
response to completing the adjustment of the first phase
adjusted clock signal, or

at least one physical connection made to one or more of the
phase detector, the phase interpolator, the first divider, or
the second divider is a balanced routing connection con-
figured to reduce signal delay or to reduce a skew mis-
match.

10. The communication system of claim 1, further com-
prising:
an additional communication channel that includes

an additional phase interpolator configured to receive
the master clock signal and generate an additional
phase adjusted clock signal, and

an additional divider configured to generate an addi-
tional divided clock signal from the second phase
adjusted clock signal, the additional divided clock
signal configured to clock an additional data stream
through the additional communication channel; and

a selector configured to select, as a selector input, at least
one of the additional divided clock signal or the second
divided clock signal, the selector further configured to
output the selector input to the phase detector;

wherein the additional phase interpolator is configured to
adjust a phase of the additional phase adjusted clock
signal based on an additionally determined phase differ-
ence between the additional phase adjusted clock signal
and the first divided clock signal, the additionally deter-
mined phase difference being determined by the phase
detector.
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11. A communication system, comprising:

a first communication channel that includes

a first phase interpolator configured to receive a first
master clock signal and generates a first phase
adjusted clock signal,

a first divider configured to divide the first phase
adjusted clock signal by a first factor to generate a first
divided clock signal, the first divided clock signal
configured to clock a first data stream through the first
communication channel, and

a second divider configured to divide the first divided
clock signal to generate a second divided clock signal;

a second communication channel that includes

a second phase interpolator configured to receive a sec-
ond master clock signal and generate a second phase
adjusted clock signal,

a third divider configured to divide the second phase
adjusted clock signal by a second factor that is differ-
ent than the first factor to generate a third divided
clock signal, the third divided clock signal configured
to clock a second data stream through the second
communication channel, and

a fourth divider configured to divide the third divided
clock signal to generate a fourth divided clock signal
of a same frequency as the second divided clock sig-
nal; and

aphase detector configured to determine a phase difference

between the second divided clock signal and the fourth

divided clock signal;

wherein a phase of the second phase adjusted clock signal

is adjusted by the second phase interpolator based on the

determined phase difference.

12. The communication system of claim 11, wherein the
phase detector comprises a flip flop configured to receive the
second divided clock signal at a clock input and configured to
receive the fourth divided clock signal at a data input.

13. The communication system of claim 11, further com-
prising a digital circuit portion configured to receive a signal
indicative of the determined phase difference from the phase
detector and configured to transmit a phase adjustment signal
to the second phase interpolator based at least in part on the
received signal indicative of the determined phase difference.

14. The communication system of claim 11, further com-
prising a time-delay element configured to delay at least one
of the first data stream or the second data stream.

15. The communication system of claim 11, wherein the
phase detector is configured to be disabled in response to
completing the adjustment of the second phase adjusted clock
signal.
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16. The communication system of claim 12, wherein the
first communication channel is configured to transmit at least
one data stream according to a first communication standard,
and wherein the second communication channel is configured
to transmit at least one other data stream according to a
second communication standard.

17. A method, comprising:

generating a first phase adjusted clock signal for a first

communication channel based on a master clock signal;
generating a first divided clock signal based on the first
phase adjusted clock signal;

generating a second phase adjusted clock signal for a sec-

ond communication channel based on the master clock
signal;

generating a second divided clock signal based on the

second phase adjusted clock signal;

determining a first phase difference between the first

divided clock signal and the second divided clock signal;
and

adjusting a phase of the second phase adjusted clock signal

based on the first determined phase difference.

18. The method of claim 17, further comprising

transmitting data on the first communication channel based

on the first divided clock according to a first communi-
cation protocol; and

transmitting data on the second communication channel

based on the second divided clock according to a second
communication protocol.

19. The method of claim 17, further comprising:

generating a third phase adjusted clock signal for a third

communication channel;

generating a third divided clock signal based on the third

phase adjusted clock signal;

determining a second phase difference between the first

divided clock signal and the third divided clock signal;
and

adjusting a phase of the third phase adjusted clock signal

based on the second determined phase difference.

20. The method of claim 17, further comprising:

generating a third phase adjusted clock signal for a third

communication channel;

generating a third divided clock signal based on the third

phase adjusted clock signal;

determining a second phase difference between the second

divided clock signal and the third divided clock signal;
and

adjusting a phase of the third phase adjusted clock signal

based on the second determined phase difference.
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